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Introduction
The U.S. Measurement System (USMS) Measurement Need (MN) Data Book contains a series of correlation tables and distribution charts based on over 
300 one-page measurement need summaries developed by NIST for various sectors of the economy as well as technology areas. The supporting data for 
each table and chart was derived from individual MNs through a “tagging” process designed to gather a consistent set of information from each MN. The 
tags were developed from the perspective of providing key information about measurement providers, solutions, and barriers, as well as other parameters.
Each table and chart provides results for selected tags or sets of tags. The methodology and the set of tags used is discussed in more detail in “An 
Approach for Inferring the State of the USMS from the MN Analysis, Roadmap Analysis, and USMS Characterization.”

It should be noted that for each MN, there are multiple choices for some sets of tags. For example, up to three tags are possible for measurement 
solutions, measurement barriers, measurement providers, and selected other tags. Consequently, the total number of “hits” in a single chart or table may 
exceed the number of MNs in that sector. On tables and charts where this occurs, MN Element is used rather than MN on the vertical axis to reflect that 
multiple tags may be selected for some categories.

The information contained in these tables and charts is integral to the inferential methodology that is being used by NIST to assess the state of the USMS. 
Different inferences, for example, might be drawn by looking at simple histograms or distributions of tags, or by combining tags in various ways. Both 
correlation tables and distribution charts may be used to identify and support findings about the USMS, particularly within the sector of interest. The utility 
of both approaches is outlined below.

Correlation Tables
Correlation tables compare one set of tags with another to help discern synergies, identify areas of greatest emphasis (and those of no interest), and 
possibly point to key problem areas within a sector or technology. Each table has two sets of parameters being compared or correlated – and these are 
noted in the title of the table.

Each cell in the table indicates the juncture of two parameters, and the number (if any) in the cell indicates the number times that juncture occurred in the 
set of MNs analyzed. Cells shaded in blue indicate a higher number of junctures; green shading indicates a lower number. For example, the correlation 
table for Healthcare comparing Measurement Solution Barriers with Measurement Solutions might have a number of 20 in the blue-shaded cell 
corresponding to Accuracy (barrier) and Measurement Instrument (solution). This means that 20 MNs were tagged with Accuracy as a barrier and with 
Measurement Instrument as a solution. This tells us that within the Healthcare sector, accuracy is a primary measurement challenge, and new 
instrumentation is one of the key solutions.

Correlations may also point out anomalies. For example, if a large number of MNs were tagged with “lack of fundamental knowledge” as a measurement 
barrier, you would expect that providers of fundamental measurement science or research would emerge as key providers. If this were not the case, it 
might point to a key finding about how measurement needs are communicated within the USMS.

Distribution Charts
Distribution charts are simple histograms that summarize the number of times a particular tag was selected for the set of MNs in a sector. These provide a 
good sense of what the key issues are within a sector, and may be used as supporting evidence for an inferential finding. Distribution charts are titled with 
the primary category of the tags (measurement solution, measurement barrier, etc). All of the distribution charts use vertical bars to display the number of 
“MN elements” for each tag within the group (shown along the horizontal axis). For example, a histogram for measurement solutions will have 23 tags on 
the horizontal axis. All tags are represented on the charts, even if none were selected for that group of MNs (zero, or no bar visible).
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Exhibit 1.1:  MN Distribution of Measurement Barriers in Buildings and Construction
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Exhibit 1.2:  MN Distribution of Measurement Solution Providers in Buildings and Construction
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Exhibit 1.3:  MN Distribution of Measurement Solutions in Buildings and Construction
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Exhibit 1.4:  MN Distribution of Measurands in Buildings and Construction

  Biological   Chemical   Physical   Physiological
  
Acoustical

  
Electronic/
Electrical

  
Magnetic   Optical

  
Photonic

  Radio 
frequency

Thermal- 
Thermoch
emical

Thermal- 
Thermody
namic

Thermal- 
Thermoph
ysical

 Computational 
Performance

Software 
Performance

System 
Performance  Kinetic  Mechanical  Molecular  Spatial Total

0 1 3 2 0 3 0 0 1 0 0 1 4 1 0 3 0 2 0 2 23

StructuralPerformanceFunctionalClassical

Measurands

0

1

3

2

0

3

0 0

1

0 0

1

4

1

0

3

0

2

0

2

0

1

2

3

4

5

  B
iol

og
ica

l
  C

he
mica

l
  P

hy
sic

al
  P

hy
sio

log
ica

l
  A

co
us

tic
al

  E
lec

tro
nic

/E
lec

tric
al

  M
ag

ne
tic

  O
pti

ca
l

  P
ho

ton
ic

  R
ad

io 
fre

qu
en

cy

The
rm

al-
 The

rm
oc

he
mica

l

The
rm

al-
 The

rm
od

yn
am

ic

The
rm

al-
 The

rm
op

hy
sic

al

  C
om

pu
tat

ion
al 

Perf
orm

an
ce

Soft
ware

 P
erf

orm
an

ce

Sys
tem

 P
erf

orm
an

ce
 Kine

tic
 M

ec
ha

nic
al

 M
ole

cu
lar

 Spa
tia

l

N
um

be
r o

f M
N

 E
le

m
en

ts

4



Exhibit 1.5:  MN Distribution of Current Public/Private R&D Efforts
in Buildings and Construction
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Exhibit 1.6:  MN Distribution of TI as Measurement Technology in
in Buildings and Construction
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Exhibit 1.7:  MN Distribution by Stage of Technological Innovation
in Buildings and Construction
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Exhibit 1.8:  MN Distribution of Regulation as Driver/Barrier in Buildings and Construction
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Exhibit 1.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Buildings and Construction
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Exhibit 1.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Buildings and Construction
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Exhibit 1.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Buildings and Construction
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Exhibit 1.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Buildings and Construction
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Exhibit 1.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Buildings and Construction

C
oo

rd
in

at
io

n/
 fa

ci
lit

at
io

n

D
at

a 
C

ol
le

ct
io

n/
 R

et
rie

va
l

D
ev

el
op

m
en

t f
or

 
M

ea
su

re
m

en
t T

ec
hn

ol
og

y
Fu

nd
am

en
ta

l S
ci

en
tif

ic
 

K
no

w
le

dg
e

Pr
ot

oc
ol

s

R
es

ea
rc

h 
fo

r M
ea

su
re

m
en

t 
Sc

ie
nc

e 

St
an

da
rd

s

U
se

r F
ac

ili
ty

C
al

ib
ra

tio
n 

M
et

ho
d

C
om

pu
ta

tio
n 

M
et

ho
d

M
ea

su
re

m
en

t I
ns

tr
um

en
t

M
ea

su
re

m
en

t M
et

ho
d

M
et

ric
s/

 B
en

ch
m

ar
ks

R
aw

 P
ro

pe
rt

ie
s 

D
at

a

R
ef

er
en

ce
 D

at
a

So
ftw

ar
e

St
ab

ili
ty

 T
es

ts

St
an

da
rd

/C
R

M
Te

st
 M

et
ho

ds
 - 

Pr
od

uc
tio

n 
Sc

al
e

Te
st

 M
et

ho
ds

 - 
C

on
su

m
er

 
Pr

od
uc

ts

Va
lid

at
ed

 D
at

a

C
al

ib
ra

tio
n 

Se
rv

ic
es

Ex
pe

rt
 C

on
su

lta
tio

n

In
te

rn
at

io
na

l R
ec

og
ni

tio
n

3r
d 

Pa
rt

y 
Ve

rif
ic

at
io

n

Applied Research 0 0 4 1 1 3 6 0 0 3 1 5 3 1 2 0 0 1 0 2 1 0 0 0 1
Production 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Market 0 0 1 1 1 3 5 0 0 2 1 2 1 1 0 0 0 0 2 2 1 0 0 0 0
End-use 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Measurement Solutions

Stage of Technological 
Innovation

Infrastructure Products Services

13



Exhibit 1.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Buildings and Construction
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Exhibit 1.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Buildings and Construction
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Exhibit 1.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Buildings and Construction
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Exhibit 1.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Buildings and Construction
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Exhibit 1.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Buildings and Construction
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Exhibit 1.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Buildings and Construction
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Exhibit 1.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Buildings and Construction
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Exhibit 2.1:  MN Distribution of Measurement Barriers in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.2:  MN Distribution of Measurement Solution Providers in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.3:  MN Distribution of Measurement Solutions in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.4:  MN Distribution of Measurands in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.5:  MN Distribution of Current Public/Private R&D Efforts
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.6:  MN Distribution of TI as Measurement Technology
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.7:  MN Distribution by Stage of Technological Innovation
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.8:  MN Distribution by Regulation as Driver/Barrier
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg

C
oo

rd
in

at
io

n/
 fa

ci
lit

at
io

n

D
at

a 
C

ol
le

ct
io

n/
 R

et
rie

va
l

D
ev

el
op

m
en

t f
or

 M
ea

su
re

m
en

t T
ec

hn
ol

og
y

Fu
nd

am
en

ta
l S

ci
en

tif
ic

 K
no

w
le

dg
e

Pr
ot

oc
ol

s

R
es

ea
rc

h 
fo

r M
ea

su
re

m
en

t S
ci

en
ce

 

St
an

da
rd

s

U
se

r F
ac

ili
ty

C
al

ib
ra

tio
n 

M
et

ho
d

C
om

pu
ta

tio
n 

M
et

ho
d

M
ea

su
re

m
en

t I
ns

tr
um

en
t

M
ea

su
re

m
en

t M
et

ho
d

M
et

ric
s/

 B
en

ch
m

ar
ks

R
aw

 P
ro

pe
rt

ie
s 

D
at

a

R
ef

er
en

ce
 D

at
a

So
ftw

ar
e

St
ab

ili
ty

 T
es

ts

St
an

da
rd

/C
R

M

Te
st

 M
et

ho
ds

 - 
Pr

od
uc

tio
n 

Sc
al

e

Te
st

 M
et

ho
ds

 - 
C

on
su

m
er

 P
ro

du
ct

s

Va
lid

at
ed

 D
at

a

C
al

ib
ra

tio
n 

Se
rv

ic
es

Ex
pe

rt
 C

on
su

lta
tio

n

In
te

rn
at

io
na

l R
ec

og
ni

tio
n

3r
d 

Pa
rt

y 
Ve

rif
ic

at
io

n

Calibration laboratories 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Commercial calibration service providers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Component suppliers 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Contractor R&D labs-for-hire 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Engineering management/consulting 
firms/A&E firms 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Government laboratories and agencies

1 1 4 2 1 3 5 1 1 2 3 4 0 0 0 0 0 2 0 1 0 0 0 0 1
Independent testing/certification laboratories

0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0
Industrial R&D laboratories 0 0 1 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Industry consortium/partnership 0 0 1 2 1 2 3 0 0 1 2 3 0 0 1 0 0 1 0 1 0 0 0 0 0
Instrument suppliers 0 0 4 2 0 0 2 2 2 0 2 2 0 0 0 0 0 0 1 1 0 0 0 0 1
Material suppliers 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
National Measurement Institute 1 2 5 3 0 2 6 3 4 2 4 6 0 0 2 1 0 1 1 2 0 0 0 0 1
Small business/inventors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Software developers 1 2 0 0 0 0 1 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1
Standards development organizations (SDOs) 

0 0 0 0 1 0 2 0 0 0 1 1 0 0 1 0 0 2 0 0 0 0 0 0 1
Testing laboratories 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Universities 1 2 4 2 0 2 2 0 1 2 0 3 0 0 2 0 0 0 0 0 0 0 0 0 1

Measurement Solution Providers

Measurement Solutions
Infrastructure Products Services

11



Exhibit 2.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.15: MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Chemicals, Industrial Biotech, and Continuous Mfg

Measurement Solution Providers R
eg

ul
at

io
n 

is
 a

 D
riv

er

R
eg

ul
at

io
n 

is
 a

 B
ar

rie
r

Calibration laboratories 0 0
Commercial calibration service providers 0 0
Component suppliers 0 0
Contractor R&D labs-for-hire 0 0
Engineering management/consulting firms/A&E firms 1 0
Government laboratories and agencies 0 0
Independent testing/certification laboratories 0 0
Industrial R&D laboratories 0 0
Industry consortium/partnership 0 0
Instrument suppliers 0 0
Material suppliers 0 0
National Measurement Institute 1 0
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 0 0
Testing laboratories 0 0
Universities 0 0

20



U.S. Measurement System

Measurement Need (MN) Data Book

Chapter 3.  Defense and Homeland 
Security
(includes First Responders)

Prepared by
Energetics Incorporated
for the
National Institute of Standards and Technology

April 2006



Reference List of MN Distribution Charts and MN Correlation Matrices

Distribution Charts Page
Exhibit Number

3.1 Measurement Barriers (Defense and Homeland Security) 1
3.2 Solution Providers (Defense and Homeland Security) 2
3.3 Measurement Solutions (Defense and Homeland Security) 3
3.4 Measurands (Defense and Homeland Security) 4
3.5 Current Public/Private R&D Efforts (Defense and Homeland Security) 5
3.6 TI as Measurement Technology (Defense and Homeland Security) 6
3.7 Stage of Technological Innovation (Defense and Homeland Security) 7
3.8 Regulation as Driver/Barrier (Defense and Homeland Security) 8

Correlation Matrices
Exhibit Number

3.9 Solution Providers – Measurement Barriers (Defense and Homeland Security) 9
3.10 Measurement Barriers – Measurement Solutions (Defense and Homeland Security) 10
3.11 Solution Providers – Measurement Solutions (Defense and Homeland Security) 11
3.12 Stage of Technological Innovation – Measurement Barriers (Defense and Homeland Security) 12
3.13 Stage of Technological Innovation – Measurement Solutions (Defense and Homeland Security) 13
3.14 Solution Providers – Stage of Technological Innovation  (Defense and Homeland Security) 14
3.15 Stage of Technological Innovation – TI as Measurement Technology (Defense and Homeland Security) 15
3.16 TI as Measurement Technology – Measurement Barriers (Defense and Homeland Security) 16
3.17 Solution Providers – TI as Measurement Technology (Defense and Homeland Security) 17
3.18 TI as Measurement Technology – Measurement Solutions (Defense and Homeland Security) 18
3.19 Regulation as Driver/Barrier – Measurement Solutions (Defense and Homeland Security) 19
3.20 Solution Providers – Regulation as Driver/Barrier (Defense and Homeland Security) 20



Exhibit 3.1:  MN Distribution of Measurement Barriers in Defense and Homeland Security
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Exhibit 3.2:  MN Distribution of Measurement Solution Providers in Defense and Homeland Security
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Exhibit 3.3:  MN Distribution of Measurement Solutions in Defense and Homeland Security
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Exhibit 3.4:  MN Distribution of Measurands in Defense and Homeland Security
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Exhibit 3.5:  MN Distribution of Current Public/Private R&D Efforts
in Defense and Homeland Security
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Exhibit 3.6:  MN Distribution of TI as Measurement Technology in Defense and Homeland Security
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Exhibit 3.7:  MN Distribution by Stage of Technological Innovation
in Defense and Homeland Security
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Exhibit 3.8:  MN Distribution of Regulation as Driver/Barrier in Defense and Homeland Security
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Exhibit 3.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Defense and Homeland Security
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Exhibit 3.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Defense and Homeland Security
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Exhibit 3.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Defense and Homeland Security
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Exhibit 3.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Defense and Homeland Security
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Exhibit 3.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Defense and Homeland Security
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Exhibit 3.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Defense and Homeland Security
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Exhibit 3.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Defense and Homeland Security
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Exhibit 3.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Defense and Homeland Security
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Exhibit 3.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Defense and Homeland Security
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Exhibit 3.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Defense and Homeland Security
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Exhibit 3.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Defense and Homeland Security
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Exhibit 3.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Defense and Homeland Security
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Industry consortium/partnership 0 0
Instrument suppliers 0 0
Material suppliers 0 0
National Measurement Institute 3 1
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 1 0
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Exhibit 4.1:  MN Distribution of Measurement Barriers in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.2:  MN Distribution of Measurement Solution Providers in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.3:  MN Distribution of Measurement Solutions in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.4:  MN Distribution of Measurands in Electronics for Non-Semiconductor and IT Hardware

  Biological   Chemical   Physical   Physiological
  
Acoustical

  
Electronic/
Electrical

  
Magnetic   Optical

  
Photonic

  Radio 
frequency

Thermal- 
Thermoch
emical

Thermal- 
Thermody
namic

Thermal- 
Thermoph
ysical

 Computational 
Performance

Software 
Performance

System 
Performance  Kinetic  Mechanical  Molecular  Spatial Total

0 5 27 1 0 20 9 5 4 4 0 2 2 2 0 7 0 3 2 1 94

StructuralPerformanceFunctionalClassical

Measurands

0

5

27

1
0

20

9

5
4 4

0
2 2 2

0

7

0

3
2

1

0

5

10

15

20

25

30

  B
iol

og
ica

l
  C

he
mica

l
  P

hy
sic

al
  P

hy
sio

log
ica

l
  A

co
us

tic
al

  E
lec

tro
nic

/E
lec

tric
al

  M
ag

ne
tic

  O
pti

ca
l

  P
ho

ton
ic

  R
ad

io 
fre

qu
en

cy

The
rm

al-
 The

rm
oc

he
mica

l

The
rm

al-
 The

rm
od

yn
am

ic

The
rm

al-
 The

rm
op

hy
sic

al

  C
om

pu
tat

ion
al 

Perf
orm

an
ce

Soft
ware

 P
erf

orm
an

ce

Sys
tem

 P
erf

orm
an

ce
 Kine

tic
 M

ec
ha

nic
al

 M
ole

cu
lar

 Spa
tia

l

N
um

be
r o

f M
N

 E
le

m
en

ts

4



Exhibit 4.5:  MN Distribution of Current Public/Private R&D Efforts
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.6:  MN Distribution of TI as Measurement Technology
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.7:  MN Distribution by Stage of Technological Innovation
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.8:  MN Distribution of Regulation as Driver/Barrier
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Electronics for Non-Semiconductor and IT Hardware

A
cc

ep
ta

bi
lit

y/
C

om
pa

tib
ili

ty

A
cc

es
si

bi
lit

y

A
cc

ur
ac

y

D
at

a,
 D

at
a 

C
ol

le
ct

io
n 

an
d/

or
 

R
et

rie
va

l

D
es

tr
uc

tiv
e

Ex
pe

ns
e

La
ck

 o
f f

un
da

m
en

ta
l k

no
w

le
dg

e

M
ul

tip
le

 S
ol

ut
io

ns
 E

xi
st

N
ot

 S
ta

nd
ar

di
ze

d

Pr
od

uc
tio

n 
R

ea
di

ne
ss

R
el

ia
bi

lit
y

R
es

ol
ut

io
n

Sm
al

l M
ar

ke
t D

em
an

d

Sp
ee

d

Sy
st

em
-L

ev
el

 P
ro

bl
em

W
or

kf
or

ce

Calibration laboratories 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
Commercial calibration service providers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Component suppliers 0 0 8 2 0 2 1 0 6 0 4 3 0 0 0 0
Contractor R&D labs-for-hire 0 0 2 1 0 0 1 0 0 0 1 0 0 0 0 0
Engineering management/consulting firms/A&E firms 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Government laboratories and agencies 3 2 39 9 0 5 15 3 12 5 11 11 0 6 1 0
Independent testing/certification laboratories 1 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0
Industrial R&D laboratories 1 0 10 2 0 1 9 0 9 1 3 3 0 0 1 0
Industry consortium/partnership 1 3 12 5 1 3 2 0 4 1 6 4 0 7 0 0
Instrument suppliers 3 2 15 5 0 1 3 0 6 6 6 5 0 2 0 0
Material suppliers 0 0 1 0 0 0 1 0 1 1 0 0 0 0 0 0
National Measurement Institute 5 4 29 9 1 3 5 3 10 6 8 5 0 6 1 0
Small business/inventors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Software developers 0 0 2 0 1 0 0 0 0 0 1 0 0 1 0 0
Standards development organizations (SDOs) 2 0 3 3 0 0 0 1 3 1 1 1 0 1 0 0
Testing laboratories 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Universities 1 1 25 10 0 2 12 2 8 3 7 7 0 3 0 0

Solution Providers

Measurement Solution Barriers

9



Exhibit 4.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Electronics for Non-Semiconductor and IT Hardware
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Industrial R&D laboratories 0 0
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Instrument suppliers 1 0
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Exhibit 5.1:  MN Distribution of Measurement Barriers in Electronics Semiconductor
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Exhibit 5.2:  MN Distribution of Measurement Solution Providers in Electronics Semiconductor
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Exhibit 5.3:  MN Distribution of Measurement Solutions in Electronics Semiconductor
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Exhibit 5.4:  MN Distribution of Measurands in Electronics Semiconductor

  Biological   Chemical   Physical   Physiological
  
Acoustical

  
Electronic/
Electrical

  
Magnetic   Optical

  
Photonic

  Radio 
frequency

Thermal- 
Thermoch
emical

Thermal- 
Thermody
namic

Thermal- 
Thermoph
ysical

 Computational 
Performance

Software 
Performance

System 
Performance  Kinetic  Mechanical  Molecular  Spatial Total

0 3 19 0 0 13 3 6 1 1 0 0 2 0 0 0 0 2 2 0 52

StructuralPerformanceFunctionalClassical

Measurands

0

3

19

0 0

13

3

6

1 1
0 0

2

0 0 0 0

2 2

0
0

2

4

6

8

10

12

14

16

18

20

  B
iol

og
ica

l
  C

he
mica

l
  P

hy
sic

al
  P

hy
sio

log
ica

l
  A

co
us

tic
al

  E
lec

tro
nic

/E
lec

tric
al

  M
ag

ne
tic

  O
pti

ca
l

  P
ho

ton
ic

  R
ad

io 
fre

qu
en

cy

The
rm

al-
 The

rm
oc

he
mica

l

The
rm

al-
 The

rm
od

yn
am

ic

The
rm

al-
 The

rm
op

hy
sic

al

  C
om

pu
tat

ion
al 

Perf
orm

an
ce

Soft
ware

 P
erf

orm
an

ce

Sys
tem

 P
erf

orm
an

ce
 Kine

tic
 M

ec
ha

nic
al

 M
ole

cu
lar

 Spa
tia

l

N
um

be
r o

f M
N

 E
le

m
en

ts

4



Exhibit 5.5:  MN Distribution of Current Public/Private R&D Efforts
in Electronics Semiconductor
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Exhibit 5.6:  MN Distribution of TI as Measurement Technology
in Electronics Semiconductor
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Exhibit 5.7:  MN Distribution by Stage of Technological Innovation
in Electronics Semiconductor
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Exhibit 5.8:  MN Distribution of Regulation as Driver/Barrier
in Electronics Semiconductor
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Exhibit 5.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Electronics Semiconductor
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Exhibit 5.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Electronics Semiconductor

C
oo

rd
in

at
io

n/
 fa

ci
lit

at
io

n

D
at

a 
C

ol
le

ct
io

n/
 R

et
rie

va
l

D
ev

el
op

m
en

t f
or

 
M

ea
su

re
m

en
t T

ec
hn

ol
og

y

Fu
nd

am
en

ta
l S

ci
en

tif
ic

 
K

no
w

le
dg

e

Pr
ot

oc
ol

s

R
es

ea
rc

h 
fo

r M
ea

su
re

m
en

t 
Sc

ie
nc

e 
St

an
da

rd
s

U
se

r F
ac

ili
ty

C
al

ib
ra

tio
n 

M
et

ho
d

C
om

pu
ta

tio
n 

M
et

ho
d

M
ea

su
re

m
en

t I
ns

tr
um

en
t

M
ea

su
re

m
en

t M
et

ho
d

M
et

ric
s/

 B
en

ch
m

ar
ks

R
aw

 P
ro

pe
rt

ie
s 

D
at

a

R
ef

er
en

ce
 D

at
a

So
ftw

ar
e

St
ab

ili
ty

 T
es

ts

St
an

da
rd

/C
R

M
Te

st
 M

et
ho

ds
 - 

Pr
od

uc
tio

n 
Sc

al
e

Te
st

 M
et

ho
ds

 - 
C

on
su

m
er

 
Pr

od
uc

ts

Va
lid

at
ed

 D
at

a
C

al
ib

ra
tio

n 
Se

rv
ic

es
Ex

pe
rt

 C
on

su
lta

tio
n

In
te

rn
at

io
na

l R
ec

og
ni

tio
n

3r
d 

Pa
rt

y 
Ve

rif
ic

at
io

n

Acceptability/Compatibility 0 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Accessibility 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
Accuracy 0 0 24 1 2 8 8 3 7 6 12 9 1 1 1 0 0 6 4 0 0 1 1 0 1
Data, Data Collection/and or 
Retrieval 0 0 1 0 0 0 2 2 3 3 2 3 0 2 1 0 0 1 1 0 0 0 0 0 1
Destructive 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Expense 0 0 5 0 0 4 1 1 1 0 3 0 0 0 0 0 0 2 1 0 0 0 0 0 0
Lack of Fundamental 
Knowledge 0 0 9 2 0 4 1 1 2 4 7 1 0 0 0 0 0 1 0 0 0 0 0 0 0
Multiple Solutions Exist 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Not Standardized 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 1 1 0 1 0 0 0 0
Production Readiness 0 0 2 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Reliability 0 0 5 0 0 3 4 2 3 2 3 3 1 2 1 1 0 2 1 0 1 1 0 0 0
Resolution 0 0 17 1 0 7 3 2 0 6 7 6 1 1 0 0 0 2 3 0 0 0 1 0 0
Small Market Demand 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Speed 0 0 10 0 2 4 2 1 0 2 6 3 0 0 0 0 0 2 1 0 0 0 0 0 0
System-Level Problem 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Workforce 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Measurement Solutions

Measurement Solution 
Barriers

Infrastructure Products Services

10



Exhibit 5.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Electronics Semiconductor

C
oo

rd
in

at
io

n/
 fa

ci
lit

at
io

n

D
at

a 
C

ol
le

ct
io

n/
 R

et
rie

va
l

D
ev

el
op

m
en

t f
or

 M
ea

su
re

m
en

t 
Te

ch
no

lo
gy

Fu
nd

am
en

ta
l S

ci
en

tif
ic

 K
no

w
le

dg
e

Pr
ot

oc
ol

s

R
es

ea
rc

h 
fo

r M
ea

su
re

m
en

t S
ci

en
ce

 

St
an

da
rd

s

U
se

r F
ac

ili
ty

C
al

ib
ra

tio
n 

M
et

ho
d

C
om

pu
ta

tio
n 

M
et

ho
d

M
ea

su
re

m
en

t I
ns

tr
um

en
t

M
ea

su
re

m
en

t M
et

ho
d

M
et

ric
s/

 B
en

ch
m

ar
ks

R
aw

 P
ro

pe
rt

ie
s 

D
at

a

R
ef

er
en

ce
 D

at
a

So
ftw

ar
e

St
ab

ili
ty

 T
es

ts

St
an

da
rd

/C
R

M

Te
st

 M
et

ho
ds

 - 
Pr

od
uc

tio
n 

Sc
al

e

Te
st

 M
et

ho
ds

 - 
C

on
su

m
er

 P
ro

du
ct

s

Va
lid

at
ed

 D
at

a

C
al

ib
ra

tio
n 

Se
rv

ic
es

Ex
pe

rt
 C

on
su

lta
tio

n

In
te

rn
at

io
na

l R
ec

og
ni

tio
n

3r
d 

Pa
rt

y 
Ve

rif
ic

at
io

n

Calibration laboratories 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Commercial calibration service providers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Component suppliers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Contractor R&D labs-for-hire 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Engineering management/consulting 
firms/A&E firms 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Government laboratories and agencies 0 0 23 2 1 10 6 1 2 6 9 7 0 3 1 1 0 5 4 0 1 0 0 0 0
Independent testing/certification laboratories

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Industrial R&D laboratories 0 0 8 0 1 2 2 1 1 1 2 7 1 1 1 1 0 0 3 0 1 0 1 0 0
Industry consortium/partnership 0 0 16 1 2 7 2 1 3 3 11 3 1 0 1 0 0 3 1 0 0 0 0 0 1
Instrument suppliers 0 0 6 0 0 2 3 1 3 2 5 2 0 1 0 0 0 0 2 0 0 0 0 0 0
Material suppliers 0 0 1 0 0 1 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
National Measurement Institute 0 0 22 1 1 9 6 5 6 8 12 10 1 1 1 0 0 6 3 0 0 1 1 0 1
Small business/inventors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Software developers 0 0 1 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Standards development organizations (SDOs) 

0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
Testing laboratories 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Universities 0 0 10 1 0 4 2 1 2 4 5 6 0 3 2 1 0 4 3 0 1 0 0 0 1

Measurement Solution Providers

Measurement Solutions
Infrastructure Products Services

11



Exhibit 5.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Electronics Semiconductor
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Exhibit 5.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Electronics Semiconductor
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Exhibit 5.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Electronics Semiconductor
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Exhibit 5.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Electronics Semiconductor
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Exhibit 5.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Electronics Semiconductor
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Exhibit 5.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Electronics Semiconductor
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Exhibit 5.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Electronics Semiconductor
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Exhibit 5.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Electronics Semiconductor

C
oo

rd
in

at
io

n/
 fa

ci
lit

at
io

n

D
at

a 
C

ol
le

ct
io

n/
 R

et
rie

va
l

D
ev

el
op

m
en

t f
or

 M
ea

su
re

m
en

t T
ec

hn
ol

og
y

Fu
nd

am
en

ta
l S

ci
en

tif
ic

 K
no

w
le

dg
e

Pr
ot

oc
ol

s

R
es

ea
rc

h 
fo

r M
ea

su
re

m
en

t S
ci

en
ce

 

St
an

da
rd

s

U
se

r F
ac

ili
ty

C
al

ib
ra

tio
n 

M
et

ho
d

C
om

pu
ta

tio
n 

M
et

ho
d

M
ea

su
re

m
en

t I
ns

tr
um

en
t

M
ea

su
re

m
en

t M
et

ho
d

M
et

ric
s/

 B
en

ch
m

ar
ks

R
aw

 P
ro

pe
rt

ie
s 

D
at

a

R
ef

er
en

ce
 D

at
a

So
ftw

ar
e

St
ab

ili
ty

 T
es

ts

St
an

da
rd

/C
R

M

Te
st

 M
et

ho
ds

 - 
Pr

od
uc

tio
n 

Sc
al

e

Te
st

 M
et

ho
ds

 - 
C

on
su

m
er

 P
ro

du
ct

s

Va
lid

at
ed

 D
at

a

C
al

ib
ra

tio
n 

Se
rv

ic
es

Ex
pe

rt
 C

on
su

lta
tio

n

In
te

rn
at

io
na

l R
ec

og
ni

tio
n

3r
d 

Pa
rt

y 
Ve

rif
ic

at
io

n

Regulation is a Driver 0 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1
Regulation is a Barrier 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Measurement Solutions

Regulatory Issues

Infrastructure Products Services

19



Exhibit 5.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Electronics Semiconductor
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Exhibit 6.1:  MN Distribution of Measurement Barriers in Energy, Power, and Environment
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Exhibit 6.2:  MN Distribution of Measurement Solution Providers in Energy, Power, and Environment
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Exhibit 6.3:  MN Distribution of Measurement Solutions in Energy, Power, and Environment
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Exhibit 6.4:  MN Distribution of Measurands in Energy, Power, and Environment
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Exhibit 6.5:  MN Distribution of Current Public/Private R&D Efforts
in Energy, Power, and Environment
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Exhibit 6.6:  MN Distribution of TI as Measurement Technology
in Energy, Power, and Environment
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Exhibit 6.7:  MN Distribution by Stage of Technological Innovation
in Energy, Power, and Environment
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Exhibit 6.8:  MN Distribution of Regulation as Driver/Barrier
in Energy, Power, and Environment
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Exhibit 6.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Energy, Power, and Environment
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Exhibit 6.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Energy, Power, and Environment
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Exhibit 6.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Energy, Power, and Environment
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Exhibit 6.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Energy, Power, and Environment
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Exhibit 6.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Energy, Power, and Environment
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Exhibit 6.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Energy, Power, and Environment
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Calibration laboratories 1 1 1 0
Commercial calibration service providers 1 0 0 0
Component suppliers 1 0 0 0
Contractor R&D labs-for-hire 0 0 0 0
Engineering management/consulting firms/A&E firms 0 0 0 0
Government laboratories and agencies 13 3 2 0
Independent testing/certification laboratories 1 0 1 0
Industrial R&D laboratories 7 1 2 0
Industry consortium/partnership 1 0 1 0
Instrument suppliers 3 0 0 0
Material suppliers 1 1 0 0
National Measurement Institute 14 2 3 1
Small business/inventors 0 0 0 0
Software developers 1 0 0 0
Standards development organizations (SDOs) 1 1 1 0
Testing laboratories 0 0 0 0
Universities 7 0 1 0
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Exhibit 6.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Energy, Power, and Environment
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Exhibit 6.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Energy, Power, and Environment
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Exhibit 6.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Energy, Power, and Environment
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Calibration laboratories 3
Commercial calibration service providers 1
Component suppliers 0
Contractor R&D labs-for-hire 0
Engineering management/consulting firms/A&E firms 0
Government laboratories and agencies 7
Independent testing/certification laboratories 1
Industrial R&D laboratories 2
Industry consortium/partnership 0
Instrument suppliers 3
Material suppliers 1
National Measurement Institute 10
Small business/inventors 0
Software developers 1
Standards development organizations (SDOs) 0
Testing laboratories 0
Universities 2
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Exhibit 6.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Energy, Power, and Environment

C
oo

rd
in

at
io

n/
 fa

ci
lit

at
io

n

D
at

a 
C

ol
le

ct
io

n/
 R

et
rie

va
l

D
ev

el
op

m
en

t f
or

 M
ea

su
re

m
en

t T
ec

hn
ol

og
y

Fu
nd

am
en

ta
l S

ci
en

tif
ic

 K
no

w
le

dg
e

Pr
ot

oc
ol

s

R
es

ea
rc

h 
fo

r M
ea

su
re

m
en

t S
ci

en
ce

 

St
an

da
rd

s

U
se

r F
ac

ili
ty

C
al

ib
ra

tio
n 

M
et

ho
d

C
om

pu
ta

tio
n 

M
et

ho
d

M
ea

su
re

m
en

t I
ns

tr
um

en
t

M
ea

su
re

m
en

t M
et

ho
d

M
et

ric
s/

 B
en

ch
m

ar
ks

R
aw

 P
ro

pe
rt

ie
s 

D
at

a

R
ef

er
en

ce
 D

at
a

So
ftw

ar
e

St
ab

ili
ty

 T
es

ts

St
an

da
rd

/C
R

M

Te
st

 M
et

ho
ds

 - 
Pr

od
uc

tio
n 

Sc
al

e

Te
st

 M
et

ho
ds

 - 
C

on
su

m
er

 P
ro

du
ct

s

Va
lid

at
ed

 D
at

a

C
al

ib
ra

tio
n 

Se
rv

ic
es

Ex
pe

rt
 C

on
su

lta
tio

n

In
te

rn
at

io
na

l R
ec

og
ni

tio
n

3r
d 

Pa
rt

y 
Ve

rif
ic

at
io

n

Technology Innovation = Measurement 
Innovation 0 0 2 1 0 2 4 1 5 2 1 2 0 1 2 0 0 0 2 0 0 1 0 1 0

Measurement Solutions

Innovation Equivalency

Infrastructure ServicesProducts

18



Exhibit 6.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Energy, Power, and Environment
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Exhibit 6.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Energy, Power, and Environment
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Calibration laboratories 0 2
Commercial calibration service providers 0 0
Component suppliers 0 0
Contractor R&D labs-for-hire 0 0
Engineering management/consulting firms/A&E firms 0 0
Government laboratories and agencies 0 0
Independent testing/certification laboratories 0 1
Industrial R&D laboratories 0 0
Industry consortium/partnership 0 0
Instrument suppliers 0 1
Material suppliers 0 0
National Measurement Institute 0 2
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 0 0
Testing laboratories 0 0
Universities 0 0
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Exhibit 7.1:  MN Distribution of Measurement Barriers in Healthcare
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Exhibit 7.2:  MN Distribution of Measurement Solution Providers in Healthcare
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Exhibit 7.3:  MN Distribution of Measurement Solutions in Healthcare
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Exhibit 7.4:  MN Distribution of Measurands in Healthcare
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Exhibit 7.5:  MN Distribution of Current Public/Private R&D Efforts in Healthcare
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Exhibit 7.6:  MN Distribution of TI as Measurement Technology in Healthcare
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Exhibit 7.7:  MN Distribution by Stage of Technological Innovation in Healthcare
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Exhibit 7.8:  MN Distribution of Regulation as Driver/Barrier in Healthcare
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Exhibit 7.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Healthcare
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Exhibit 7.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Healthcare
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Exhibit 7.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Healthcare
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Exhibit 7.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Healthcare
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Exhibit 7.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Healthcare
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Exhibit 7.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Healthcare
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Exhibit 7.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Healthcare
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Exhibit 7.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Healthcare
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Exhibit 7.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Healthcare
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Exhibit 7.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Healthcare
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Exhibit 7.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Healthcare
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Exhibit 7.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Healthcare
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Exhibit 8.1:  MN Distribution of Measurement Barriers in Manufacturing (Discrete) and Automotive
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Exhibit 8.2:  MN Distribution of Measurement Solution Providers in Manufacturing (Discrete) and Automotive
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Exhibit 8.3:  MN Distribution of Measurement Solutions in Manufacturing (Discrete) and Automotive
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Exhibit 8.4:  MN Distribution of Measurands in Manufacturing (Discrete) and Automotive
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Exhibit 8.5:  MN Distribution of Current Public/Private R&D Efforts
in Manufacturing (Discrete) and Automotive
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Exhibit 8.6:  MN Distribution of TI as Measurement Technology
in Manufacturing (Discrete) and Automotive
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Exhibit 8.7:  MN Distribution by Stage of Technological Innovation
in Manufacturing (Discrete) and Automotive
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Exhibit 8.8:  MN Distribution of Regulation as Driver/Barrier
in Manufacturing (Discrete) and Automotive
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Exhibit 8.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Manufacturing (Discrete) and Automotive
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Exhibit 8.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Manufacturing (Discrete) and Automotive
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Exhibit 8.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Manufacturing (Discrete) and Automotive
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Exhibit 8.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Manufacturing (Discrete) and Automotive
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Exhibit 8.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Manufacturing (Discrete) and Automotive
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Exhibit 8.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Manufacturing (Discrete) and Automotive
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Industry consortium/partnership 5 3 0 0
Instrument suppliers 5 3 0 0
Material suppliers 0 1 1 0
National Measurement Institute 18 5 0 1
Small business/inventors 0 0 0 0
Software developers 1 0 0 1
Standards development organizations (SDOs) 1 3 0 0
Testing laboratories 0 0 0 0
Universities 8 0 1 0
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Exhibit 8.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Manufacturing (Discrete) and Automotive
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Exhibit 8.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Manufacturing (Discrete) and Automotive
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Exhibit 8.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Manufacturing (Discrete) and Automotive
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Calibration laboratories 1
Commercial calibration service providers 0
Component suppliers 2
Contractor R&D labs-for-hire 0
Engineering management/consulting firms/A&E firms 1
Government laboratories and agencies 6
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Industrial R&D laboratories 5
Industry consortium/partnership 4
Instrument suppliers 6
Material suppliers 0
National Measurement Institute 18
Small business/inventors 0
Software developers 1
Standards development organizations (SDOs) 2
Testing laboratories 0
Universities 4
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Exhibit 8.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Manufacturing (Discrete) and Automotive
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Exhibit 8.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Manufacturing (Discrete) and Automotive
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Exhibit 8.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Manufacturing (Discrete) and Automotive
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Calibration laboratories 0 1
Commercial calibration service providers 0 0
Component suppliers 0 0
Contractor R&D labs-for-hire 0 0
Engineering management/consulting firms/A&E firms 1 0
Government laboratories and agencies 0 2
Independent testing/certification laboratories 0 0
Industrial R&D laboratories 1 1
Industry consortium/partnership 0 0
Instrument suppliers 0 1
Material suppliers 0 1
National Measurement Institute 2 2
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 1 0
Testing laboratories 0 0
Universities 0 1
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Exhibit 9.1:  MN Distribution of Measurement Barriers in Materials
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Exhibit 9.2:  MN Distribution of Measurement Solution Providers in Materials
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Exhibit 9.3:  MN Distribution of Measurement Solutions in Materials

Coordinat
ion/Facilit
ation

Data 
Collection/R
etrieval

Development - 
Measurement 
Technology

Fund-
amental 
Knowledge Protocols

Research - 
Measure-
ment 
Science

Standar
ds

User 
Facility

Calibra
tion

Computati
onal 
Methods

Measure-
ment 
Instrument

Measure-
ment 
Method

Metrics/Benc
hmarks

Raw 
Data

Reference 
Data

Softw
are

Stability 
Tests

Standard/ce
rtified 
reference 
material

Test methods for 
production-scale 
measurements

Test methods or 
test data for 
consumer 
products

Validated 
(hardened) 
properties 
data

Calibrati
on

Expert 
consulta
tion

Intl 
Recogniti
on

Third Party 
Verification Total

2 1 16 6 4 8 10 3 1 9 2 16 2 5 3 0 0 4 2 0 1 0 0 2 2 99

Products ServicesInfrastructure

Measurement Solutions

2
1

16

6

4

8

10

3

1

9

2

16

2

5

3

0 0

4

2

0
1

0 0

2 2

0

2

4

6

8

10

12

14

16

18

Coo
rdi

na
tio

n/F
ac

ilit
ati

on

Data
 C

oll
ec

tio
n/R

etr
iev

al

Dev
elo

pm
en

t - 
Mea

su
rem

en
t T

ec
hn

olo
gy

Fun
d-a

men
tal

 K
no

wled
ge

Prot
oc

ols

Res
ea

rch
 - M

ea
su

re-
men

t S
cie

nc
e

Stan
da

rds
Use

r F
ac

ilit
y

Cali
bra

tio
n

Com
pu

tat
ion

al 
Meth

od
s

Mea
su

re-
men

t In
str

um
en

t

Mea
su

re-
men

t M
eth

od

Metr
ics

/B
en

ch
mark

s
Raw

 D
ata

Refe
ren

ce
 D

ata
Soft

ware
Stab

ilit
y T

es
ts

Stan
da

rd/
ce

rtif
ied

 re
fer

en
ce

 m
ate

ria
l

Tes
t m

eth
od

s f
or 

pro
du

cti
on

-sc
ale

 m
ea

su
rem

en
ts

Tes
t m

eth
od

s o
r te

st 
da

ta 
for

 co
ns

um
er 

pro
du

cts

Vali
da

ted
 (h

ard
en

ed
) p

rop
ert

ies
 da

ta
Cali

bra
tio

n

Exp
ert

 co
ns

ult
ati

on

Int
l R

ec
og

nit
ion

Thir
d P

art
y V

eri
fic

ati
on

N
um

be
r o

f M
N

 E
le

m
en

ts

Infrastructure
Products
Services

3



Exhibit 9.4:  MN Distribution of Measurands in Materials
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Exhibit 9.5:  MN Distribution of Current Public/Private R&D Efforts in Materials
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Exhibit 9.6:  MN Distribution of TI as Measurement Technology in Materials
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Exhibit 9.7:  MN Distribution by Stage of Technological Innovation in Materials
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Exhibit 9.8:  MN Distribution of Regulation as Driver/Barrier in Materials
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Exhibit 9.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Materials
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Exhibit 9.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Materials
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Exhibit 9.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Materials
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Exhibit 9.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Materials
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Exhibit 9.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Materials
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Exhibit 9.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Materials
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Exhibit 9.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Materials
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Exhibit 9.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Materials
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Exhibit 9.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Materials
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Exhibit 9.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Materials
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Exhibit 9.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Materials
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Exhibit 9.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Materials
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Exhibit 10.1:  MN Distribution of Measurement Barriers in Nanotechnology
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Exhibit 10.2:  MN Distribution of Measurement Solution Providers in Nanotechnology
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Exhibit 10.3:  MN Distribution of Measurement Solutions in Nanotechnology
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Exhibit 10.4:  MN Distribution of Measurands in Nanotechnology
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Exhibit 10.5:  MN Distribution of Current Public/Private R&D Efforts in Nanotechnology
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Exhibit 10.6:  MN Distribution of TI as Measurement Technology in Nanotechnology
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Exhibit 10.7:  MN Distribution by Stage of Technological Innovation in Nanotechnology
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Exhibit 10.8:  MN Distribution of Regulation as Driver/Barrier in Nanotechnology
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Exhibit 10.9:  MN Correlation Matrix for Solution Providers and Measurement Barriers
in Nanotechnology
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Exhibit 10.10:  MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Nanotechnology
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Exhibit 10.11:  MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Nanotechnology
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Exhibit 10.12:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Nanotechnology
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Exhibit 10.13:  MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Nanotechnology
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Exhibit 10.14:  MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Nanotechnology
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Exhibit 10.15:  MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Nanotechnology
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Exhibit 10.16:  MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Nanotechnology
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Exhibit 10.17:  MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Nanotechnology
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Exhibit 10.18:  MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Nanotechnology
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Exhibit 10.19:  MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Nanotechnology
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Exhibit 10.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Nanotechnology
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Instrument suppliers 0 0
Material suppliers 0 0
National Measurement Institute 1 0
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 0 0
Testing laboratories 0 0
Universities 0 0
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Exhibit 11.1:  MN Distribution of Measurement Barriers in Software for Information Technology
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Exhibit 11.2:  MN Distribution of Measurement Solution Providers in Software for Information Technology
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Exhibit 11.3:  MN Distribution of Measurement Solutions in Software for Information Technology

Coordinat
ion/Facilit
ation

Data 
Collection/R
etrieval

Development - 
Measurement 
Technology

Fund-
amental 
Knowledge Protocols

Research - 
Measure-
ment 
Science

Standar
ds

User 
Facility

Calibra
tion

Computati
onal 
Methods

Measure-
ment 
Instrument

Measure-
ment 
Method

Metrics/Benc
hmarks

Raw 
Data

Reference 
Data

Softw
are

Stability 
Tests

Standard/ce
rtified 
reference 
material

Test methods for 
production-scale 
measurements

Test methods or 
test data for 
consumer 
products

Validated 
(hardened) 
properties 
data

Calibrati
on

Expert 
consulta
tion

Intl 
Recogniti
on

Third Party 
Verification Total

4 3 5 2 5 5 8 1 1 7 1 8 15 1 9 3 0 1 1 3 1 0 1 0 1 86

Products ServicesInfrastructure

Measurement Solutions

4
3

5

2

5 5

8

1 1

7

1

8

15

1

9

3

0
1 1

3

1
0

1
0

1

0

2

4

6

8

10

12

14

16

Coo
rdi

na
tio

n/F
ac

ilit
ati

on

Data
 C

oll
ec

tio
n/R

etr
iev

al

Dev
elo

pm
en

t - 
Mea

su
rem

en
t T

ec
hn

olo
gy

Fun
d-a

men
tal

 K
no

wled
ge

Prot
oc

ols

Res
ea

rch
 - M

ea
su

re-
men

t S
cie

nc
e

Stan
da

rds
Use

r F
ac

ilit
y

Cali
bra

tio
n

Com
pu

tat
ion

al 
Meth

od
s

Mea
su

re-
men

t In
str

um
en

t

Mea
su

re-
men

t M
eth

od

Metr
ics

/B
en

ch
mark

s
Raw

 D
ata

Refe
ren

ce
 D

ata
Soft

ware
Stab

ilit
y T

es
ts

Stan
da

rd/
ce

rtif
ied

 re
fer

en
ce

 m
ate

ria
l

Tes
t m

eth
od

s f
or 

pro
du

cti
on

-sc
ale

 m
ea

su
rem

en
ts

Tes
t m

eth
od

s o
r te

st 
da

ta 
for

 co
ns

um
er 

pro
du

cts

Vali
da

ted
 (h

ard
en

ed
) p

rop
ert

ies
 da

ta
Cali

bra
tio

n

Exp
ert

 co
ns

ult
ati

on

Int
l R

ec
og

nit
ion

Thir
d P

art
y V

eri
fic

ati
on

N
um

be
r o

f M
N

 E
le

m
en

ts

Infrastructure
Products
Services

3



Exhibit 11.4:  MN Distribution of Measurands in Software for Information Technology
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Exhibit 11.5:  MN Distribution of Current Public/Private R&D Efforts
in Software for Information Technology
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Exhibit 11.6:  MN Distribution of TI as Measurement Technology
in Software for Information Technology
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Exhibit 11.7:  MN Distribution by Stage of Technological Innovation
in Software for Information Technology
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Exhibit 11.8:  MN Distribution of Regulation as Driver/Barrier
in Software for Information Technology
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Exhibit 11.9: MN Correlation Matrix for Solution Providers and Measurement Barriers
in Software for Information Technology
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Exhibit 11.10: MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Software for Information Technology
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Exhibit 11.11: MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Software for Information Technology
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Exhibit 11.12: MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Software for Information Technology
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Exhibit 11.13: MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Software for Information Technology
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Exhibit 11.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Software for Information Technology
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Exhibit 11.15: MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Software for Information Technology
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Exhibit 11.16: MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Software for Information Technology

A
cc

ep
ta

bi
lit

y/
C

om
pa

tib
ili

ty

A
cc

es
si

bi
lit

y

A
cc

ur
ac

y

D
at

a,
 D

at
a 

C
ol

le
ct

io
n 

an
d/

or
 

R
et

rie
va

l

D
es

tr
uc

tiv
e

Ex
pe

ns
e

La
ck

 o
f f

un
da

m
en

ta
l k

no
w

le
dg

e

M
ul

tip
le

 S
ol

ut
io

ns
 E

xi
st

N
ot

 S
ta

nd
ar

di
ze

d

Pr
od

uc
tio

n 
R

ea
di

ne
ss

R
el

ia
bi

lit
y

R
es

ol
ut

io
n

Sm
al

l M
ar

ke
t D

em
an

d

Sp
ee

d

Sy
st

em
-L

ev
el

 P
ro

bl
em

W
or

kf
or

ce

Technology Innovation = 
Measurement Innovation 3 2 4 8 0 0 3 1 6 0 1 0 0 1 0 0

Innovation Equivalency

Measurement Solution Barriers

16



Exhibit 11.17: MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Software for Information Technology
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Exhibit 11.18: MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Software for Information Technology
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Exhibit 11.19: MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Software for Information Technology
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Exhibit 11.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Software for Information Technology
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Component suppliers 0 0
Contractor R&D labs-for-hire 1 0
Engineering management/consulting firms/A&E firms 0 0
Government laboratories and agencies 2 0
Independent testing/certification laboratories 0 0
Industrial R&D laboratories 0 0
Industry consortium/partnership 3 0
Instrument suppliers 1 0
Material suppliers 0 0
National Measurement Institute 4 0
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 0 0
Testing laboratories 0 0
Universities 1 0
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Exhibit 12.1:  MN Distribution of Measurement Barriers in Entire Economy
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Exhibit 12.2:  MN Distribution of Measurement Solution Providers in Entire Economy
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Exhibit 12.3:  MN Distribution of Measurement Solutions in Entire Economy
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Exhibit 12.4:  MN Distribution of Measurands in Entire Economy
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Exhibit 12.5:  MN Distribution of Current Public/Private R&D Efforts in Entire Economy
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Exhibit 12.6:  MN Distribution of TI as Measurement Technology in Entire Economy
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Exhibit 12.7:  MN Distribution by Stage of Technological Innovation in Entire Economy
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Exhibit 12.8:  MN Distribution of Regulation as Driver/Barrier in Entire Economy
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Exhibit 12.9: MN Correlation Matrix for Solution Providers and Measurement Barriers
in Entire Economy
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Exhibit 12.10: MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Entire Economy
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Exhibit 12.11: MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Entire Economy
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Industrial R&D laboratories 2 4 40 7 10 19 24 3 5 10 12 27 17 7 11 1 0 3 10 5 2 0 1 0 2
Industry consortium/partnership 1 3 26 4 9 13 23 2 6 12 18 16 6 0 4 4 0 8 8 3 6 0 0 0 2
Instrument suppliers 2 2 37 8 10 13 28 3 11 11 11 12 4 4 3 0 1 8 10 3 1 0 0 0 2
Material suppliers 1 1 5 1 2 5 8 2 1 3 1 3 1 2 0 0 0 4 1 0 1 0 0 1 0
National Measurement Institute 7 9 79 13 25 31 69 11 27 32 34 59 27 9 24 7 1 29 17 13 5 2 2 2 7
Small business/inventors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Software developers 2 3 1 2 1 1 3 0 1 7 0 4 5 0 3 1 0 2 1 1 0 0 0 0 1
Standards development organizations (SDOs) 

2 4 8 0 8 1 22 1 0 2 1 12 6 1 2 0 0 9 7 4 0 0 0 2 4
Testing laboratories 0 0 1 0 0 0 2 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1
Universities 3 7 45 11 3 24 25 4 10 25 17 35 14 11 14 1 0 7 8 3 4 0 0 1 2

Measurement Solution Providers

Measurement Solutions
Infrastructure Products Services

11



Exhibit 12.12: MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers
in Entire Economy
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Applied Research 12 7 142 66 7 11 65 9 43 8 50 50 0 25 4 1
Production 5 2 20 13 1 2 5 1 16 4 11 5 0 3 2 0
Market 9 0 21 13 0 2 3 2 18 0 15 3 1 2 2 0
End-use 1 0 5 2 0 2 2 0 7 1 4 0 0 1 0 0

Stage of Technological 
Innovation

Measurement Solution Barriers
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Exhibit 12.13: MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions
in Entire Economy
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Applied Research 6 10 97 19 16 46 60 13 24 37 41 63 22 15 21 2 1 18 17 8 7 1 1 1 5
Production 3 3 14 3 5 1 17 1 3 5 2 6 2 0 5 1 0 7 5 4 1 1 0 0 2
Market 1 2 6 1 11 3 21 0 2 5 2 11 11 3 4 3 0 9 7 4 1 0 0 2 2
End-use 1 1 3 0 4 2 4 0 1 1 1 2 4 0 2 2 0 1 0 0 0 0 1 0 0

Measurement Solutions

Stage of Technological 
Innovation

Infrastructure Products Services
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Exhibit 12.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Entire Economy

Measurement Solution Providers A
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h
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ke
t
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d-

us
e

Calibration laboratories 2 1 1 1
Commercial calibration service providers 1 0 0 0
Component suppliers 8 6 2 2
Contractor R&D labs-for-hire 4 0 0 0
Engineering management/consulting firms/A&E firms 1 2 0 0
Government laboratories and agencies 157 29 26 9
Independent testing/certification laboratories 4 3 3 1
Industrial R&D laboratories 76 12 7 3
Industry consortium/partnership 40 9 16 1
Instrument suppliers 55 13 7 1
Material suppliers 9 4 2 0
National Measurement Institute 156 25 29 11
Small business/inventors 0 0 0 0
Software developers 12 1 1 1
Standards development organizations (SDOs) 18 7 13 1
Testing laboratories 1 0 1 0
Universities 93 8 8 0

Stage of Technological 
Innovation
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Exhibit 12.15: MN Correlation Matrix for Stage of Technological Innovation and TI as Measurement Technology
in Entire Economy

Stage of Technological 
Innovation TI
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Applied Research 107
Production 11
Market 12
End-use 6
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Exhibit 12.16: MN Correlation Matrix for TI as Measurement Technology and Measurement Barriers
in Entire Economy
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Technology Innovation = 
Measurement Innovation 9 4 90 48 2 8 36 5 38 4 33 29 0 9 3 0

Innovation Equivalency

Measurement Solution Barriers
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Exhibit 12.17: MN Correlation Matrix for Solution Providers and TI as Measurement Technology
in Entire Economy

Measurement Solution Providers Te
ch

no
lo

gy
 In
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va
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n 

= 
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ea
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t I

nn
ov

at
io

n

Calibration laboratories 5
Commercial calibration service providers 1
Component suppliers 4
Contractor R&D labs-for-hire 2
Engineering management/consulting firms/A&E firms 2
Government laboratories and agencies 89
Independent testing/certification laboratories 4
Industrial R&D laboratories 35
Industry consortium/partnership 20
Instrument suppliers 38
Material suppliers 8
National Measurement Institute 103
Small business/inventors 0
Software developers 8
Standards development organizations (SDOs) 12
Testing laboratories 1
Universities 42
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Exhibit 12.18: MN Correlation Matrix for TI as Measurement Technology and Measurement Solutions
in Entire Economy
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Technology Innovation = Measurement 
Innovation 4 11 46 7 15 24 48 7 20 19 23 34 11 10 16 8 1 16 13 6 5 2 1 1 3

Measurement Solutions

Innovation Equivalency

Infrastructure Products Services
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Exhibit 12.19: MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Entire Economy
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Measurement Solutions

Regulatory Issues

Infrastructure Products Services
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Exhibit 12.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Entire Economy

Measurement Solution Providers R
eg

ul
at

io
n 

is
 a

 D
riv

er

R
eg

ul
at

io
n 

is
 a

 B
ar

rie
r

Calibration laboratories 1 2
Commercial calibration service providers 0 0
Component suppliers 0 0
Contractor R&D labs-for-hire 1 0
Engineering management/consulting firms/A&E firms 1 0
Government laboratories and agencies 20 6
Independent testing/certification laboratories 3 3
Industrial R&D laboratories 8 2
Industry consortium/partnership 10 2
Instrument suppliers 3 2
Material suppliers 0 2
National Measurement Institute 25 10
Small business/inventors 0 0
Software developers 0 0
Standards development organizations (SDOs) 5 2
Testing laboratories 0 1
Universities 8 3
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Exhibit 12.21: MN Correlation Matrix for Economic Sector/Technology Areas and Measurement Barriers
in Entire Economy
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Agriculture and Food Processing 0 0 5 2 0 0 0 0 1 0 3 1 0 0 0 0
Building and Construction - Civil Infrastructure 2 0 3 6 0 0 3 1 3 0 2 0 0 0 1 0
Building and Construction - Residential / Commercial Building

3 0 7 13 0 1 4 3 9 1 5 1 0 1 1 0
Chemical 0 0 3 3 0 0 1 0 0 0 1 1 0 0 0 0
Defense 1 1 10 4 1 2 6 0 4 0 5 1 0 1 0 0
Electronics - Non-semiconductor 4 4 40 13 0 4 12 3 19 8 13 10 0 4 0 0
Electronics - Semiconductor 2 1 38 8 1 6 13 0 3 2 12 22 0 13 0 0
Energy and Power - Fossil fuel 1 0 2 0 0 0 1 0 0 0 0 0 0 1 0 0
Energy and Power - Hydrogen 0 0 2 5 1 0 3 0 4 1 1 1 0 0 0 0
Energy and Power - Nuclear 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0
Energy and Power - Power Generation and Distribution 1 1 8 7 0 0 2 1 4 0 3 1 0 1 0 0
Energy and Power - Renewable 0 0 2 1 0 0 1 0 0 0 0 0 0 0 0 0
Environment 0 0 2 6 0 0 1 0 3 0 2 1 0 0 0 0
Healthcare - Bioimaging and Informatics 4 0 23 10 1 4 14 2 8 1 8 7 0 2 2 0
Healthcare - Clinical Diagnostics 3 1 26 10 0 4 13 2 12 0 12 5 0 2 1 0
Healthcare - Health and Safety 1 0 13 6 0 0 8 1 6 0 5 3 0 1 2 0
Healthcare - Pharmaceuticals 2 0 16 8 1 2 8 2 5 0 10 5 0 3 0 1
Homeland Security - First Responders 4 0 12 10 0 1 5 0 16 1 8 3 1 3 0 0
Industrial Biotechnology 2 1 3 4 1 3 3 1 2 0 1 1 0 3 0 0
Information Technology - Software 9 3 13 13 0 0 8 1 15 1 10 0 0 2 0 0
Information Technology - Hardware 2 0 16 3 1 3 7 0 8 1 4 4 0 5 1 0
Manufacturing - Continuous 1 1 5 7 0 0 3 1 2 1 5 2 0 0 1 0
Manufacturing - Discrete 2 2 11 7 2 2 2 0 3 0 5 8 0 3 1 0
Materials - Ceramics 1 0 5 2 0 1 4 1 0 2 1 3 0 0 0 0
Materials - Metals 2 2 8 8 1 0 1 2 2 0 2 5 0 1 0 0
Materials - Polymers 2 1 10 9 1 1 9 2 4 2 2 5 0 1 0 1
Measurement Technology - Instrumentation 3 1 44 16 2 6 14 1 20 1 17 19 0 10 2 0
Measurement Technology - Process Control 5 0 6 9 0 0 3 0 5 1 5 3 0 4 1 0
Measurement Technology - SI Units 0 1 11 4 1 1 2 0 4 0 7 4 0 0 0 0
Nanotechnology 1 0 29 12 2 3 7 2 5 0 6 22 0 9 0 1
Other 1 1 1 0 0 0 1 0 1 0 0 1 0 0 0 0
Other - Law Enforcement 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0
Telecommunications 3 1 13 7 1 0 3 0 8 1 10 3 0 2 4 0
Transportation - Aerospace 1 1 9 4 0 2 0 2 3 0 6 0 0 0 0 0
Transportation - Automotive 3 2 11 15 2 2 5 2 7 1 9 3 0 2 0 0

Measurement Solution Barriers
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Exhibit 12.22: MN Correlation Matrix for Economic Sector/Technology Areas and Measurands
in Entire Economy
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Agriculture and Food Processing 2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Building and Construction - Civil Infrastructure 0 0 1 0 0 0 0 0 1 0 0 1 2 1 0 0 0 2 0 1
Building and Construction - Residential / Commercial Building

0 1 3 2 0 3 0 0 1 0 0 1 4 1 0 3 0 2 0 2
Chemical 0 2 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
Defense 1 2 4 0 0 1 0 2 1 0 0 0 0 0 0 2 1 0 0 0
Electronics - Non-semiconductor 0 4 22 1 0 17 9 5 4 2 0 2 2 1 0 1 0 3 2 1
Electronics - Semiconductor 0 3 19 0 0 13 3 6 1 1 0 0 2 0 0 0 0 2 2 0
Energy and Power - Fossil fuel 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Energy and Power - Hydrogen 0 2 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0 1 0 0
Energy and Power - Nuclear 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Energy and Power - Power Generation and Distribution 0 1 3 0 0 4 2 0 0 0 0 1 1 0 0 0 0 0 0 0
Energy and Power - Renewable 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Environment 0 0 1 1 1 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0
Healthcare - Bioimaging and Informatics 8 1 1 3 0 0 6 4 1 0 0 0 0 0 4 4 0 1 1 0
Healthcare - Clinical Diagnostics 19 1 1 2 0 0 2 2 2 0 0 0 0 1 1 3 0 1 1 0
Healthcare - Health and Safety 4 4 3 0 0 2 0 2 1 1 0 1 1 0 0 1 0 1 0 0
Healthcare - Pharmaceuticals 10 4 5 0 0 1 0 0 1 0 0 2 0 0 0 0 0 0 1 0
Homeland Security - First Responders 1 1 3 0 2 0 3 2 1 2 0 0 1 0 0 7 0 1 0 1
Industrial Biotechnology 4 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information Technology - Software 0 0 4 0 2 1 0 1 0 1 0 0 1 5 10 7 0 0 0 1
Information Technology - Hardware 0 1 10 0 0 3 1 1 0 2 0 0 0 2 0 6 0 1 0 0
Manufacturing - Continuous 0 0 0 0 0 1 1 2 0 0 0 0 2 1 1 0 0 2 0 0
Manufacturing - Discrete 0 0 8 0 0 0 0 1 0 0 0 0 2 1 1 1 1 2 0 1
Materials - Ceramics 0 1 1 0 0 0 0 0 1 0 0 1 2 0 0 1 0 0 3 0
Materials - Metals 0 3 2 0 0 0 3 0 1 0 0 0 0 0 0 1 0 3 0 0
Materials - Polymers 0 5 6 1 0 4 0 0 0 1 0 1 0 0 0 1 0 2 2 0
Measurement Technology - Instrumentation 6 2 17 2 1 5 2 5 3 0 0 3 3 0 1 5 0 1 1 3
Measurement Technology - Process Control 0 2 5 0 0 0 0 0 0 1 0 0 1 0 0 4 0 2 0 1
Measurement Technology - SI Units 0 0 4 1 1 1 0 2 1 1 0 1 1 0 0 0 0 2 0 0
Nanotechnology 0 5 19 1 0 3 1 3 1 0 0 0 1 0 0 0 0 1 1 0
Other 0 1 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0
Other - Law Enforcement 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Telecommunications 0 1 1 0 1 4 0 1 3 3 0 0 0 0 0 7 0 1 0 0
Transportation - Aerospace 0 1 1 0 0 0 0 2 0 0 0 1 0 1 0 1 1 3 0 0
Transportation - Automotive 0 2 8 2 0 1 0 0 0 1 1 1 0 1 0 1 0 3 0 3

StructuralClassical Functional Performance
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Exhibit 12.23: MN Correlation Matrix for Economic Sector/Technology Areas and Stage of Technological Innovation
in Entire Economy

Economic Sector/Technology Areas A
pp

lie
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n

M
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ke
t

En
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e

Agriculture and Food Processing 2 0 2 1
Building and Construction - Civil Infrastructure 6 1 2 0
Building and Construction - Residential / Commercial Building

13 1 8 1
Chemical 4 0 0 0
Defense 13 1 0 0
Electronics - Non-semiconductor 49 14 11 2
Electronics - Semiconductor 44 6 1 1
Energy and Power - Fossil fuel 2 0 1 0
Energy and Power - Hydrogen 5 1 1 0
Energy and Power - Nuclear 1 0 0 0
Energy and Power - Power Generation and Distribution 7 2 2 1
Energy and Power - Renewable 1 0 1 0
Environment 5 0 2 0
Healthcare - Bioimaging and Informatics 21 2 9 2
Healthcare - Clinical Diagnostics 22 0 12 2
Healthcare - Health and Safety 16 2 3 0
Healthcare - Pharmaceuticals 19 3 2 0
Homeland Security - First Responders 19 1 3 2
Industrial Biotechnology 6 2 1 0
Information Technology - Software 21 4 5 3
Information Technology - Hardware 24 0 1 2
Manufacturing - Continuous 6 3 1 0
Manufacturing - Discrete 14 3 0 1
Materials - Ceramics 8 2 0 0
Materials - Metals 6 6 1 0
Materials - Polymers 19 2 2 0
Measurement Technology - Instrumentation 48 4 6 2
Measurement Technology - Process Control 10 5 0 1
Measurement Technology - SI Units 11 2 2 0
Nanotechnology 31 4 0 1
Other 3 0 1 0
Other - Law Enforcement 2 0 0 0
Telecommunications 15 1 4 2
Transportation - Aerospace 7 2 1 1
Transportation - Automotive 15 6 2 1

Stage of Technological Innovation
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Exhibit 12.24: MN Correlation Matrix for Economic Sector/Technology Areas and TI as Measurement Technology
in Entire Economy
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Agriculture and Food Processing 2
Building and Construction - Civil Infrastructure 3
Building and Construction - Residential / Commercial Building 7
Chemical 2
Defense 8
Electronics - Non-semiconductor 17
Electronics - Semiconductor 18
Energy and Power - Fossil fuel 3
Energy and Power - Hydrogen 2
Energy and Power - Nuclear 1
Energy and Power - Power Generation and Distribution 4
Energy and Power - Renewable 0
Environment 3
Healthcare - Bioimaging and Informatics 22
Healthcare - Clinical Diagnostics 27
Healthcare - Health and Safety 8
Healthcare - Pharmaceuticals 15
Homeland Security - First Responders 14
Industrial Biotechnology 3
Information Technology - Software 12
Information Technology - Hardware 5
Manufacturing - Continuous 7
Manufacturing - Discrete 13
Materials - Ceramics 4
Materials - Metals 2
Materials - Polymers 6
Measurement Technology - Instrumentation 41
Measurement Technology - Process Control 11
Measurement Technology - SI Units 10
Nanotechnology 15
Other 2
Other - Law Enforcement 1
Telecommunications 9
Transportation - Aerospace 5
Transportation - Automotive 11
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Exhibit 12.25: MN Correlation Matrix for Economic Sector/Technology Areas and TI as Measurement Technology
in Entire Economy
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Agriculture and Food Processing 0 0 1 0 4 2 1 0 1 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0
Building and Construction - Civil Infrastructure 0 1 3 1 1 3 4 0 0 3 1 2 2 0 1 0 0 0 1 0 1 0 0 0 0
Building and Construction - Residential / Commercial Building 0 2 5 2 2 6 11 0 0 7 2 7 5 2 3 0 0 1 2 4 2 0 0 0 1
Chemical 1 1 1 1 0 1 1 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Defense 0 1 2 3 0 2 2 2 3 0 4 5 1 3 2 0 1 2 2 0 1 0 0 0 1
Electronics - Non-semiconductor 1 0 34 5 8 8 28 3 7 7 8 12 3 2 3 1 0 3 9 1 2 0 0 1 3
Electronics - Semiconductor 0 0 31 2 2 12 8 5 7 10 16 13 1 3 2 1 0 7 6 0 1 1 1 0 1
Energy and Power - Fossil fuel 0 0 0 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0
Energy and Power - Hydrogen 1 0 2 1 0 1 3 1 0 0 1 1 1 2 0 0 0 0 3 1 1 0 0 0 0
Energy and Power - Nuclear 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Energy and Power - Power Generation and Distribution 1 1 2 0 1 1 4 2 3 4 0 3 0 3 1 0 0 2 2 1 1 1 0 1 0
Energy and Power - Renewable 0 0 1 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
Environment 0 1 1 1 0 1 2 0 3 3 1 1 1 1 1 0 0 0 2 0 0 0 0 0 1
Healthcare - Bioimaging and Informatics 2 3 10 0 9 6 12 2 4 4 6 9 7 2 3 4 0 7 5 1 2 0 0 0 0
Healthcare - Clinical Diagnostics 0 4 8 4 7 9 13 2 3 4 4 11 4 3 7 5 0 10 3 0 1 0 0 0 1
Healthcare - Health and Safety 1 0 7 1 4 1 7 0 5 3 3 7 2 1 4 0 1 2 0 5 0 0 0 0 0
Healthcare - Pharmaceuticals 0 3 10 5 3 7 10 1 3 2 2 11 2 0 4 0 0 5 1 1 0 0 0 0 0
Homeland Security - First Responders 0 1 6 1 4 1 8 0 3 4 6 9 6 2 3 0 0 3 1 6 1 0 1 0 2
Industrial Biotechnology 0 0 3 2 1 2 3 1 2 0 2 6 0 0 1 0 0 2 1 1 0 0 0 0 0
Information Technology - Software 4 3 5 2 5 5 8 1 1 7 1 8 15 1 9 3 0 1 1 3 1 0 1 0 1
Information Technology - Hardware 2 0 13 1 2 7 9 1 1 3 2 8 5 0 2 0 0 3 2 2 0 0 0 0 0
Manufacturing - Continuous 2 3 3 1 0 1 4 1 2 2 2 1 0 0 2 1 0 0 0 1 0 0 0 0 2
Manufacturing - Discrete 2 2 6 1 0 0 4 2 4 3 7 6 1 0 2 1 0 3 2 1 0 0 1 0 2
Materials - Ceramics 0 1 5 1 0 1 1 1 0 2 0 2 1 0 3 0 0 0 0 0 0 0 0 1 0
Materials - Metals 2 1 4 0 0 2 4 1 1 5 0 6 0 0 1 0 0 3 2 0 1 0 0 2 1
Materials - Polymers 0 1 9 5 4 5 7 1 0 3 2 10 1 5 1 0 0 1 0 0 0 0 0 1 1
Measurement Technology - Instrumentation 2 3 27 3 10 12 24 2 9 8 15 11 5 4 5 3 1 6 3 8 1 0 0 0 2
Measurement Technology - Process Control 1 1 9 1 3 0 5 1 1 2 4 4 2 1 1 0 0 2 5 1 0 0 1 0 0
Measurement Technology - SI Units 0 1 5 2 0 1 4 0 5 4 5 3 2 0 0 1 0 2 0 0 0 1 0 0 0
Nanotechnology 0 1 23 1 4 13 9 2 4 6 12 8 2 4 1 0 0 7 2 0 0 1 0 0 0
Other 0 0 0 0 0 0 1 0 0 1 0 2 0 1 1 1 0 0 0 0 0 0 0 0 0
Other - Law Enforcement 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Telecommunications 1 0 11 0 6 4 8 1 3 1 2 11 5 0 0 0 0 1 3 2 0 0 1 0 0
Transportation - Aerospace 2 2 3 1 0 1 2 1 3 2 3 2 2 0 0 0 0 3 0 0 0 0 0 0 1
Transportation - Automotive 3 4 6 3 0 5 9 2 3 7 3 4 1 4 0 0 0 1 7 1 2 0 0 0 3

Measurement Solutions
Infrastructure Products Services

25



Exhibit 12.26: MN Correlation Matrix for Economic Sector/Technology Areas and TI as Measurement Technology
in Entire Economy
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Agriculture and Food Processing 0 0 0 0 0 4 0 1 1 2 0 4 0 0 1 0 0
Building and Construction - Civil Infrastructure 0 0 1 0 0 3 2 0 5 2 1 4 0 1 2 1 3
Building and Construction - Residential / Commercial Building 0 0 2 0 0 11 3 5 7 3 1 15 0 1 8 1 8
Chemical 0 0 0 0 0 4 0 1 1 1 0 3 0 1 0 0 1
Defense 0 0 1 1 0 9 0 3 0 4 1 12 0 1 0 0 6
Electronics - Non-semiconductor 0 0 12 1 0 53 2 19 14 29 2 41 0 2 7 0 33
Electronics - Semiconductor 1 0 0 1 0 34 0 16 22 10 2 38 0 2 1 0 19
Energy and Power - Fossil fuel 1 0 0 0 0 2 1 1 0 0 0 3 0 0 0 0 0
Energy and Power - Hydrogen 1 0 0 0 0 6 0 5 0 1 0 6 0 0 1 0 0
Energy and Power - Nuclear 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
Energy and Power - Power Generation and Distribution 3 0 0 0 0 6 1 3 0 1 2 10 0 0 1 0 5
Energy and Power - Renewable 0 0 0 0 0 2 0 2 0 0 0 0 0 0 1 0 1
Environment 0 1 1 0 0 5 1 2 2 1 0 3 0 1 1 0 3
Healthcare - Bioimaging and Informatics 0 0 1 0 1 26 0 14 8 5 1 26 0 1 6 0 10
Healthcare - Clinical Diagnostics 0 0 1 0 0 26 1 12 10 6 2 24 0 2 4 1 14
Healthcare - Health and Safety 1 0 0 0 0 13 1 8 4 4 0 19 0 0 4 0 6
Healthcare - Pharmaceuticals 1 0 0 0 0 15 2 7 4 6 0 14 0 1 4 0 15
Homeland Security - First Responders 0 1 0 2 1 18 0 4 3 9 0 22 0 1 5 0 5
Industrial Biotechnology 0 0 0 0 0 6 1 0 5 2 0 6 0 0 2 0 4
Information Technology - Software 0 0 2 2 1 22 1 13 5 2 0 23 0 8 1 0 14
Information Technology - Hardware 1 0 2 1 0 21 0 13 6 4 1 14 0 1 2 0 13
Manufacturing - Continuous 0 0 1 0 1 3 0 1 0 4 1 7 0 3 1 0 4
Manufacturing - Discrete 0 0 0 0 1 6 0 5 2 5 0 14 0 2 3 0 7
Materials - Ceramics 0 0 0 0 0 8 0 3 2 0 1 7 0 0 2 0 4
Materials - Metals 0 0 0 0 0 5 1 3 6 1 4 8 0 0 4 0 5
Materials - Polymers 0 0 1 0 0 18 1 4 3 8 3 13 0 0 6 0 10
Measurement Technology - Instrumentation 1 1 1 0 1 42 1 8 19 20 1 49 0 2 4 0 15
Measurement Technology - Process Control 0 0 1 0 0 8 1 6 2 7 2 10 0 0 2 0 4
Measurement Technology - SI Units 0 0 1 0 1 7 0 1 3 7 2 11 0 2 0 0 2
Nanotechnology 1 0 0 0 0 25 1 6 11 11 6 24 0 1 1 0 15
Other 0 0 0 0 1 2 1 2 0 1 0 3 0 1 1 0 0
Other - Law Enforcement 0 0 0 0 0 2 0 1 0 1 0 2 0 0 0 0 0
Telecommunications 0 0 2 0 0 14 0 6 2 8 2 15 0 0 4 0 6
Transportation - Aerospace 0 0 1 0 0 6 0 1 2 2 1 9 0 2 3 0 4
Transportation - Automotive 1 0 3 0 0 11 1 7 7 5 2 19 0 1 2 0 6

Solution Providers

26



Exhibit 12.27: Total MN Distribution (All Groups)
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